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K Q2©PWHt*n*n«ffffl3>5*>*ci, C2 

f-ci s C2 tftigmss^is-rfctoo^ mosfetq 
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tfll*fc«fi»JR*filDC-DC3>^-*-Cfe-3T, 
ttSttttEIIftti:. 

SUSHIS]*'!' y^[l]&Citjy£&^£ftaki:t>£Buf3 

**-ra^i:*«f«i:-r«*fi^JR*lRlDC-DC3> 
2 ] m«g 1 fcC«©»lfi»35WBD C - D 

mzw-mm-ori?* ^xicmtiz^xonmtK tats 
mw-mmj >7.\zffi,nz>±x<DW.ffi.&. mm 

DC-DC3 W? — # (Df&ifflJj&o 

y^^yftimfciD^iaifcttSBfsftssiis ^20 

MOSFET-CiflStU 

BUaB^-f *-HtfMOSFET td*'*t«»^^-f 

3§1> ifett^2CDM0SFETt$*ixS^^*-r* 
-f *— H*dtrM0 S F E T4: PIPS fciSiI 

t tz&mmnfaB c-Dcaww ©wan* 

[R*«4] §S#JB 1 ti34B©«fiJ&jR^lRlDC-D 

c - d c n w!-* *&w? z>mwJ5&X'& o t, 

JB4©M0SFETtRI«fc*ii**x 



stj-wc, mum3, s§4©mosfet©f*k 

Mi b#«« -f >y * * > * t «e*i a DC* 
kra«SJ&}R*iRiD c-Dc^ yti—* tofflfflfim,, 

[M£g5] «#9Hfcffi«©»S«3R*|qlDC-D 

k, 

fOsB&igfli-r >X\Z&MMffi.*%lttzlt)\Z^ ffi 

SB^Sffi'f >y^£ >X{c5ftn5#^miS©^lRliiH(IaB 

Br * * 5 C i: 4 KSS i: f 3 ft D C - D C 3 > 
^•-*©fWap;S*£«, 

[^©PMfflfciaBm 

[0 0 0 1] 

3SE©iliiSS£E'x£&-f 3D C - D Cri WS-^tcH 
[0 0 0 2] 

tioofca. la>u ^t^wmms^BA 5 1 2 vm 

ffl©S^gP£a©i«ffl^k-*%«^3i:> ;rftt>12VI6 
k 4 2 V&© 2 o©*W*tttf L^. 

Cft& 1 2VJRfc4 2V*«D*WJB*»R«*0f 
ffl Ufe i: &x if % £ *>©^y t 1 'J -Sa V 
tc, 4 2 Vi4>e> 1 2 V^i*;^-?:ffi«Sl/& !)> 
3tC4 2Vm*>*> 1 2V^x*M-4(jtt&bt!)T- 
£££A S $?3: to. ZOtztb, 2^©«8S3M£©«:£ 

[0 0 0 3]«, C©<to>&:ia»St®E4x l*5Sff 
£ tlfct©* 5 fe5o D C-D C^WS-^Wu MS!t®E 
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fcHfo d©«fc -5 fcD C — D C3 W*-* * 2 ffiMyiJfclg 
fl^Ol 2 V^i:4 2 V^©ffiSffl^© 

« i: BE r 5 «6 i: C » Jfo "T S * & 6 % * h ti S 
[0 0 0 4] ^^Tn SI BCStiiC, 12V^h 

ftTUS. i©^*6»3RSlRlD C-D CZJWt— 

1 2 vsomr i izmmztitz 1 2 v«wfflsas«g 

Vlt 4 2V*©*«R2CS»i*Jlfc4 2V*iH5flI 

««««V2i:©«lfcB«3*i'u -501^1*;^- 
tt, 4 2 VfSffltSglV 2©j^igt, ^-f^^->y 

fH«P££!?*;i£fc<±XK;**i£ hkvs^dc i t 

V-^«g^SC2*il^iJt^bfc^l> ^2©i^-Y 
ff>yiTT'fc5M0SFET (Metal Oxide Semico 
nductor Field Effect Transistor) Q h MMOS 
FETQ2^Mt^2,. St, MOSFETQl tM 
OSFBTQ2©a«6At-*OiB*ffi»*a, 12V 

mmm*m&mv 1 tfltaoiiiiiffiRstifc* ss^& 

[0005] £fc, MOSFETQ1, Q 2© F W > 
SB^fcV-^Sg^lHI (DCUSCl^ StliDC2 
h S C 2 US) CfctMflJfcMO SFETC$Sns$4f 
•f ^"-b'QD h QD 2 A 5: ?F2E LTUSo 12V 
^ffifflmaS^HV 1 ©iSaiSCfciu SEET'rf ffl©¥?f ffi^ 
>^>-9"C3*5g^^^ N 4 2 Vipi^/BSiK^BV 2© 
WiBCtt, m£E¥?iffl©¥Tiffl3>7 i >l^C4*5}g^^ 

[0 0 0 6] ±i£©^«g»3R^|R)D C-DC3> 

:t*;U¥-£*Jffl bT 4 2 V*^«E*«l&-r4.#E» 
#T-li, MOSFETQlCb'H 1 >JS J F DC 1 hV- 

7SSI?SC iP^©iSiii:jE»f4rreSfi«Jt:*i t)Ji1-^'f v 

*t>*«U Mt¥ffffl3>7 ; >itC4T-¥?f'fbbT4 
2 V#pflJSiB$SHV2ffl3£®tC*Ufflbfc!K 4 2 V^ 
©ft«R2C0M&L&»)fa. 

[0007] st, mmzvsfav c-dc^ w*-* 

AM 2 Vflijaafflfl;iig@V 2 b 
T 1 2 V*'\«Etttl&-r*»£E»ftTftt, MOSFE 
T Q 2 © H 1/ -T >iSJ?-D C2t V-^Sffi^ S C 2 (?3©a» 



?fffl3>7 i >-9-C 3t?^?f{bbT 1 2 V»i95ffl«aggH 
Vl©a*fc*lfl!LfciK 1 2 V^Oft^R ltztt*&b 

[0 0 0 8] **3, ±jffiffl^*6)it^fRlDC-DCr3> 

Jfc«\ PWM (Pulse Width Modulation) fflWlzXZM 
OSFETQl, StliMOSFETQ2©Kl-f>« 

^{^©^a-T^-tt) T^S^ns. £fc> B19 
CSLft^*-FQDl, QD2<±, ^JlfilMOS 
FETQK Q2©$4^*-HT-fe^T, SIISliM 
OS FETOffl^rtglHZ&tK SS»©»Bfc UTtt#ffi 
bfcV>g#iiT-fc.So 
[0 0 0 9] 

[^w^^bjid h-rs^s] b*>u ±.m<Dimm 

3X#|S]DC-DC=i W?-*T*ii, *©3E^-r^^>^ 

•& y ■< x\znr zftw&Mmifi* rj*-c* * * v> ? p^s 
>^g^©io^-* s i«v>^, t- b^>^*vj^bft 

h # Si b v > i: v% a P4 M #<& o o 
[0 0 10] **8Wtt* ±BWBl:i*T4*fti*<0 

*x fiSiI*> S*S«E©fi85Sffi^E, Sfcfct 

»E-r*«s»3R*isiD c-d ca w<-**««*-.s 

[0011] 

[fflWftWftrsfcfto^s] ±HBss®*»»rst«> 

ffi&m 1 tl2«©%W»i. ^-f ^-H45S^^lk:S 
iLfcSb ^2©S^^^^>^^ (0"J^«*«6© 
RZMcDMO SFETQ 1 tMOSFETQ2< SfcJil 
GBTQ3t^*->-Dl©l^Wi:IGBTQ 
4t^*-HD20ffl^tot) t. tav&mi. %2 

coiixj yf-yvm^amm&iZs -#©ss£g!^£*v 

t¥fJ?-f>y^^>^ (^itf*M©mSg©¥«ffll' 

mmommm^yTy-y-c u C2) 'fc, BJE»«ffl 
>^offi*iiic3efijcig«*nfc»J»iaB («i«sn 

J6©^J1©«1J»I1I8SH l, *fe<iffli»[nlK5H2) i:Sfli 

msimmts ttfozj ®MUfaz<< v=r 

08§ t mn \zmm * ti s h t * (c huib 2 floaami =1 > 
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&mW}&i:ftE.mw<Dmi5K.*i^T, mi. s&2©±* 
u inlet !k mzmi, mzaa.^ vi-y^m* 

a rv? b*-f v?->V®ttj ) *§!SIU DC-DC 

^ wn--*©;*-y y^yicfcttaa*©^^;*;?. 
[0012] wsrib 2 ti3®©^^ii, i csb« 

CD &mmJ5 [6] D C - D C 3 > -> * ©fWffll73 & T- ifc 
T, Hui3¥?tffl'f >^£*>;Xicft*l,S:£T©mft* s x 
huIB^ K £tzl±m2(D3.Z'{ y^-y^m^tMMmz 
iglt^ftfeyf tf-K (fiaj^iiHS6OJfJSi©M0S FE 
TQ1, Q2ffl^^-f^-b-QDh QD2> 
SljSffl^" -Y FD 1, D2) ^^fflUTiSnTVvStt 

mSSttfs fui3S81> £fc(i?f§2©£;W v?->ym* 
(««J^IS5ISteCD^CDMOSFETQ 1, Q2, 
IGBTQ3. Q4) LTftftT OStKJSt;:*;^ 

[0013] fflsRiPl 3 Ki3«©#6W±* M$£ 1 CS3« 
fflMif^S|6lDC-DCa>A-^ffl^U H2©£ 

mmznzmi. ms2©mosfet mzix&fovfc 

ifflMOS FETQli:MOSFETQ2) 
ft, BuI3^^-K*5MOSFETt-g-Stl2>«^^ 
K (m<i*ffi©Jfc*i©MOSFETQl^ Q2© 
»f^*-HQDl, QD2) X-mi££tlT^2>m-& 

id c— d w*— # ftwjwr^fww^astft-a 

mUm. ifelii2©MOSFETtt^n5^y 

-f*-H*<iB6LT«nje»ai«t» ««©»ftatt* 
t&fti&ftz. &L±<Dmm&vmm£*. t>> dc-d 

C3>y«— ^«DjR*fi|0*flEaEtftl6f^t*V>T, 3£ft*S 
S64a5fllOM0SFET*!»l$taci:t:±!], M 
OSFETfciaBflBSaEiWfflLr, «EE»T«D'J>fc 
^DC-DC:d Wt-*©«JI^&gM1- r £5?Sl,-r3. 



[0014] W*IB 4 £g3«©«W{±. R&H 1 CgBtt 

LfeSg3, S4CDMOSFET (0l*.«$*<Z>flgS(Z>M 
OSFETQr 1 tMO S FE TQr 2) T-$f££ftT 

■ttzMZ, miiBSfiS, fg4©MOSFET*|B|B§Ka§iI 
nfcfci-tfSSC* h5I3^3, g4fflMOSFET©rts 

MosFETiiSBr^-a-, imb^s/h c 
mnz&mM&ttf-vvtK-ztz'&iz, ^cmosfe 

V>T. jK^fRl^-r y?-|I)Bg©MOSFET£2{@|5lB#£ 
igjI£-£S©T% «BE»T 

jffigf UfcMO S F E T©*^* *- KC <fc !) Wffi-O 
^^^>^©mSt*5iS*^|qUCS5tuach*S5S:V^ 
[0015] IfsfclS 5 (Ci3i8©^^l±> lf*JS 1 fcf3» 
©±tSff^^|SlDC-D Cn>^t-^©^*[ql^-f irf- 

(WAtfSI«i©}ga8© IGBTQr3tIGBT 

Qr4) mtzmi. m2<Dffi$b?,-i v3->?m*<D 

Dr i t.j5m>wmr<<*— yt>t 2) htifS^nt 

rtzsbiz, mm&mm-( >rpf>>xizffi.tih&mmffi 
©^iq]iiHiiiB^i> m 2 (Dfimwmr-i 
isfaizttfcLx, mmmi. H2©i^^^f>^ 

?©v>-rn*-*t#ii**» K*3i^-y-femJf3«a!;^ 

ft tf-K o iz tj. o fc^ tXff * -5 - i: i: f 
So W±©«fi£SU ! ®JiW{c:«}:?5, 3K£|S]D C-D Cn > 

^-^ ©»E»f^ t&E.mtt kxmb-r2>#Mmm<Di5 
mzttfoLtzmmz-f -^v^wxiciiv 

[0 0 16] 

[lEflBOHlfiCD^Mt] (» 1 <D%M<DBm) WT> EiS 
<&#!isuT*|gW©HSE©^S8{cov>TSKW-rSo HI 
li> **W©»10*JSOJB«©*18^jR*lRlDC-D 
C3>M-££5f>-f [HlKHT-fe-S. 01tci3l,->Tx ^1 
<D&M<DBWi(D#mBmJjfaD C - D Cn w?-*fci, 
1 2 V^OSIiR 1 fcffittSftfc 1 2 VfliPafflffijlS^S 
VU, 4 2V*©ft«R2tfiS«*nfc4 2 WWfli 
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it, 4 2 v¥Wfflmag^sv2cD?fi^t, ^-ry^-v?" 

»J^}3«t?)aiiiSfc{iJI»i^n5M0SFETQ 1, & 
U t MOSFETQ24tl^T*!5^ M0SFETQ1© 
K W VJST-D C 1 tM0SFETQ2©V-^iS?S 
C2#t£Wi$tl. MOSFETQ lCV-^SS^SC 1 
£:MOSFETQ2©KW>3£ : fDC2;i!M 2V*S 

mmm&wv 2cDmmzmm£nx^2>. icmosf 

ETQl tMOSFETQ 2CD^^(C— #©i$£}g^ 
2*U 1 2 VlgPafflS^SV 1 fCfl&#©ig£&^£ft 

¥jfffl-f >y**>*L*{iiii;LT^.2>. &*5> MOSF 
ETQl. Q 2#B lv ^2©£;W y?->yjR?*fl} 

[0017] Sfc, MOSFETQlfflKU'VWD 
Clkv-^fSClflCliv M^Jt^ffifflni/^v 
•y-ClTbsg^^Hx MOSFETQ2©Hl/'f>4S?D 

c 2 tv-xws c 2F f gcfck, &mzmmm=> >^> 

•9-C 2#&JiS;**lTV>£. MOSFETQ 1, Q 

2 0HN >*B?i:V— *«fflB (DCltSClP^ 
DC2J:SC2ra) tii^iJlCMOS FE 
^^^•-h-QDl, QD 2 A s #^bT^S. St, 
ifffl3>f>tCK C 2{C«®m«5:^-rfc»l3v 
^PWffl'f l CDPaSlS MOSFETQr 1 

tMOSFETQr2\ >P9 * L r 

fflWEKH 1 it. V-7>m=f-m± (SCrl, SC 
r2) SSilfc2i©MOSFETQrh Qr2 

ftfiflH >^**>*Lr*iM*Jfc»l*LT*JaM- 
•5. 2i©MOSFETQrK Qr2li, 

*? -f FQDr h QD r 2#&|S]tlCfc.2>J;-5g^ 
^JltlSK, PW>J|?H± (DCrl, DCr 
2) *»ttLfe«WtT?fcoT*ao. 
[0 0 18] 1 2 v*iffllli«v 1 ©iffl^t 

2V*SffltIiIV2©»i:li, mffi¥?ftffl©¥?f 
ffln>7 ; >'tfC4*sS^^nTl'>S. EUfc^L 
fe^*-KQDl, QD2, QDr 1, QDr2(i, 
•en^nMOSFETQl, Q2> Qrh Qr2©t& 
tf-f*-b*T-*oT, HPS(±MOS FE T©sK^I*l8fl 

[0 0 19] ±idi©«|gJ&5R^lR]DC-DC3> 

C-DC3W?-*#1 2 V$P5J8«S«BV 1CD«» 
:£*;i/¥-*fiJfl§ L-T 4 2 V^'NmEiHH fill 
^T*l±, MOSFETQ1 tMOSFETQ2fflh'U-f 
>Jg^iiV-^Jffi^^©j!|jii:>err*5EStttDiSr^ 
-fyf^^^a. fit, CfttCJ; D¥i»flM > 

y?9>zL\zmmatizm&z. mos fetq 21; 



2 Vf SffltlSI V 2 ©5Sit?J« Lt 0 , 4 2 VIS 
©ft^R2lZ«*&Lfc!3-rS. ZCDtZ. iRftMOSF 
ETQl*atfftt»*«>*iittJit«It)tf*5l»C, II 
ffiffin^V-tf-C K C2tSlffl>f>yi'^>^Lr 
2:©&S«i5EK:<fc-3Tx MOSFETQ It WiP £tli> 

nE.tmi\znffi.£*®mis. mos fetq i©v? 

[0 0 2 0] £fc, ^«6^3R^|6]DC-DCZ3>y5-^ 
#4 2V$ifflfISIV2©tai*M-S*JfflL 

t 1 2 v*k^n.&zmstz>&E.®ftx-\t, MO S FE 

TQ 1 i:MOSFETQ2©KU'f i*V— 

£*l£«EE£x MOSFETQ lCfctlSSSU St¥ 

V lCDa5«fc*JJSLfe»K 1 2 V^©fl^R 1 £#t*Sb 
tz.r>-t^o Cl©h#, iff CMO S FE TQ 2 *it£«fttSg 

l, c 2 t&mmj >yiff>^hr £<D&mnm£i*. 

-=>T, MOSFETQ2tcEPJ!jP^tVSmEi:^nsm8S 
tZfflWL, MOSFETQ2©V7b^-fyf-^4 

[0 0 2 1]**, ±M©^*fe^*(qlDC-DC^> 

itfct, PWMfP(C<t5M0 SFETQ1, IfettMO 
SFETQ 2© HH" >$T?fc V-^SS?M©#ai:3l 

Bfffll^P^it* U'f 9f->^lt©Tl-7-f-hfc) T- 

>^*?t:J±x MOSFETOl, jtE&Jh-tM 'J**, 
GTO (Gate Turn Off thyristor ) , ; W 7 V? 

>i>x*, i GBT^4fflv^T*.^<x mmky-j V* 

GTO, /H*-n7>^y, IGBTSr/f!^ 
fc«tt, IGBTSffll^l^ftStv &2©$Jffi© 

««JK3R*IrID C-D C3»^-^©«l»*JB4:«fP© 

»ii]*BiiH-r*. (HBo»f^*«wr4t*fco-rtt, 

EI 1 ©In|ESEt:i3^a#fiB^©*JE^Sat©ag345tt: 
AI*]E*lRli:bTilUfc«ffi*Vc 1, *g»ffi^>-r> 

istssnsffl*jE*isii:LTabfc«ff*vc 2 fc-r 
natisiLkt*. wCTv mssi L©gtnsiR)i# 

Rfl±, 1 2 Vif-SfflflilV 1 A^MOSFETQ 
K *fcttMOSFET0 2'MR|*»-3T«*ia*l^*iE 
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[0023] fiimic, ^mm-i * l r tan 

■&maSt£ILri:-f3o ZZXs Sgtl L r©gEft£|p] 
ftVZit. MOSFETQ 1, SfeiiMOSFETQ2* 

e> 1 2 vmmmmmm&wv i ^faiwxmmjsft* 
[0024] &mm'(>yt7*>7-Ltmffi$ti 

SMfrfcMO S F E T Q 1 'sJffiixdtrlRl fat b 

TgLfefi^IQU 4 2V»*lW««»*«V2i: 
nStJ * h M 0 S F E T Q 2 'sSEft d tr |6j § £iE 

aft*: u-csbfemjK* i q 2 tn. 

[0 0 2 5] ±B-CJ£SSbfc#»#©«£Ei:«aE 
©«IBfc*-t5V^T, **\ E12*^04t^-r (a) * 
-Ka-1A>£> (i) ; E-b , a-9it©§)KMmb 

'©ttJEJBJRSlSlD C-DCn>n— ^OWffttf^4lttW 

±ia©^- r-#^tr*fjsu **veft©«j&(±±fa©& 

t-Htmi.fcOT«»*^t. ^"fs (a) ^-K 

a - 1 iza^x, m i <onm<Dmm<D&WMw.i3faT> c 

-DCnW^ii, P£EKl^©^mtt^k:fe?), 12 

vs$Mffliissv i ity-mm^ ytr?$>* l^© 
iMix.*;i/¥— ©§«£*? otv>3„ ;©tt> mos 

FETQl lia£jH*Sk MOSFETQ2 ttjeBrttBfc 

Lli, ^TMOSFETQ l^sfitlTV^o 
[0 0 2 6] (b) t-h'a- 2 ICfc^T, MO 

SFETQU^->OFFt5i:^ -T > ^ # 

W-f>^?>^Li:fii«3>f>tCl, c 2 
fcjtwtfii/r^attJB-ca&a. d©i:§, ft£ft 

It^SSt-MOSFETQltfON^ll:*!), SEE 
ffJ&PfroT^fcfro&gffifflsVT^-tf-C 1 ©i^SSmil 
Vc ltt±J?r*.- LfrU P5i£®flEVc Hi, 

*\ MOSFETQ l(iv Jgflffffl^ >7*>if C 1 ©iSoiS 
mffx Tt£t>%*(Dmi%W.R.V c lifi" -tfD" ©ttSlT* 
^-^OFF^ft-S-bfOttE;*^ (ZVS :Ze 

ro Voltage Switching) h&S. 0 5 ©^JKOtrJi, C 
OH?DtE7'f y?->irt.ttz>Uft* r (a) ZVSj 

[0027] MOSFETQl*^->OFF-fSCi: 
t«t!3, *SSrffl^>7 ; >1fC 2©P3iffimBEV c 2 *5» -if 

a" lz&~?2>t, (c) t-Ha-3 CSV^, MOS 
FETQ2 ©«£*--f H Q D 2 #&iiB#<& U t) % 



^■-HQD2##it5i:l(:, MOSFETQ 2i&|5] 

m<, *>&tri;©{£^MOSFETQ2©V-*ig : ?S 
C2 kr*W>JI?D C2IS£:iSttV3<fc5£fc!3x 94 
- K Q D 2 £ 4 3 * -5 m& ^ t) * a»il?l £ * 

a>fc<u jsj*s<m^4 4 2 vmmmmnm^v2 

^fcZ2>Zt#X§, MOSFET©|3]#J3I3t#*S^ 
3. SEoT, C©MOSFETQ2©6s£f1M8lCJ;'K 

1 2 V^^^fflSii^SV 1>6 Jfff SftTWtfB'f > 

^^^>^LtsAe> nfet 4 2vi 

[0 02 8] MOSFETQ2*^->ONt5 

ms, ^(om^mEv c 2it" -vu n x$>\), mm^m. 

ft»»ai»©fc»I Q 2\Z" -bfn" T'&S©"^ MOS 
FE TQ 2©* — >ON«> HfDSE^-f 
aSffi^-f (ZCS : Zero current Switchin 

g) £fc5<, 0 5CDMJiacit co-BDtff^'fyf 
>£\ -ifPSSS^-f y^v^h^SgB^* r (b) ZV 
Sj , r ( c ) ZCS j fcbT^LTVS. 
[0 0 2 9] MOSFETQ 2 £*->OFF 

u £#«<£© (a) ^-b-a- nzmzmmtvx. 
(d) ^-Fa-4fc*stvr, mosfetqt 2^^ 

->ONU HitMOSFETQr 1 4^->ONt 
5. *fiflH >y?*>ZL rOPMBCtt* 4 

2 vmmmmmm^mv2(DmEEt 1 2v^$^sjg 

1IV 1 ©mffi©M©ffiBE#i?#n;*ft5c:i:£&3© 
T-x ft«ffl-f >^^^>^Lr*aE*ta«IB«»ILr 
ttfi»«C±»-ra. Sfe. Z0t%. MOSFETQ 
rl, Qr2J±, W,mtfiffi.1\X ^fcV->#<§T:*->ON 

snscT-t'Di^^ >^*5. gi5©«[mta 

icli, Z(D-Vnn%t7.'( v9->7k.ti2>Uft& r (d) 
ZCSj, r ( e ) Z CSj i:UT^UTV>5. c©i: 
MOSFETQrlli?->ONU<TtS4y 
^t-HQDr 1 tit)«S«SSI Lr4^ii$-&SC 
tWXZZtiK S4^*-h-QDr l©«iHi^©^ 

©'Jn^ViMOS FETQr 1 *^->ONTSC tX& 
1 *«ji$-e-Si:#<t f)*)j9jiB$© 

[0 03 0] C©ttSgT-*Sffl^>^^^>XLr*8S 

*®8ftl L«t »)^# < ^Si:, (e) ^-Ka-5Ct$ 
liTx MOSFETQ21C4 2 V?s$MffliS8SV 2 
fc«tt£il*«a»e>MOSFETQ2'v»ftCtriaS© 
mijSA 5 ^tHii;«)-5o <^IC, (f) ^-Ka-6t*5U 
X. MOSFETQ2S^->OFFtJt, ttffiffl-f 
>^^^>^Lri:iffaiffl3>7 r >-y-C Is C2i:©« 
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SSI Lr©-g)5»i x jfcgffifflZJVxV-b-C 1 £;&«U 18 

*c2A»-»jta«fjt»©fe«)3a3*t:tt±#T?*r. mo 

SFETQ2ttP8«B«EVc 2tfi" 4*P" ©ttStt?* — 
>OFF*n5-eDtff7-f >>f->^i:*5. 0 5 ©?£ 

r (f) zvsj titibTv^. 

[0 0 3 1] ^bt, (g) t-Ha- 7 fcfcWT, « 
®^3>7 ; >-9-C lCffiigSEEVc ltf" -fc?n" tzftS 
ils MOSFETQ l©***^ tf-FQD 1 ttOT 

^tTMOS FETQ lS:?->0Nt3J:> 
*-KQD lCl±«*ttjfcft1\ MOSFETQ 1 ©V 

mWfttotlZo ft. ±83**^*— HQD i#*a« 
JUfcftofcfcftfc., MOSFETQ l£*->ON£-£ 

«t<T**^y-f *-hqd 1 t<t bmmzitzztit 

-tfgS*s, 3SfW«)C*i/»ttO/h*lM40SFETQ 1 
* * - > O Nt * C *— H (CflHE* sgji? 

* £ i: » «fc t) t> *il!$©ffl& * (SMf -5 - #f ft S o 
Sfc, MOSFETQ lt^-VONtSt^. ^©^ 
SgSffiVc Hi" -fe'D" ffc»K mM%»Stft$&#>£iifJ© 
fe«iIQlli 0 HfD" t-^SCT-, MOSFETQ 1© 

5=->^, •eantiLX'f r ( g ) z 

vsj, r (h) z csj i:bT^LTv\a. 

[0 0 3 2] Sfc, C©i:£, ^fiffl-f >^*^>^L 
rfcJi, Lr*M'J>£-££lR]£C> 12Vm 

fNffitMiv i ©S£E*sffjjp$na©tN #jgH-f 

>^*>*Lr£i*t*v&;j±}gm?fcI Lr<i*gta'i> 

HffilLrAi, ¥»flH >*"**>*L*«n««* 
I 'LA »>fc/.h£ (h) ^-Ka-81: 

*3V>T, MOSFETQlt (&) ^-h*a-7©fcft 

^MOSFETQ l^mnZ>fa%<Dmffi.ftffi,tl$&ti>Zo 

ac, «fiffl-f >*-^*>*l r$%ft£A&«tti l 

r#*'J>l,T" -te'D" ti£t3V>fci:ftt, (i) K 
a- 9fc:fcV<>T, MOSFETQr 1 — >0 F 

FT*, nt, m^tliMOSFETQr 1<D*F£4M 
tf- KQD r 1 fciStftSAStftS. 
[0 0 3 3] #lgflH>* , **i'*Lr*8Eft4 
Lr#«'J>LT" -t?n" t«t*i:» #©£?» 
ttffi© (a) ; C--Ka-l'N^SH(U3M0SFETQr 
2$?->0FFt5, £©i:§, MOSFETQr2 

ii, mm*" -fe'D" otti"e*->OFF*n4<otHf 
ammz<{ v^i/irttAZUft* r (i).ZCSj ti 



[0 0 3 4]ft:fc\ MOSFETQr 2©*->OFF 
»i, &S«^A s ^ftT^ftuttffi©?*>£fr;UiAv>© 
T% jefttttt© (a) t-h'a- lffl|igC*->OFF 
raA^^L-CtAv^o «SfiILrWJ>b 
T-tfDCftoT*^^ KD r 1 Ci t)^|S]© 
MS<%I Lr#Sfcft«c:i:ttlBjtS*i.5. W-tCfc 
13, »l«050S<0»»(Z)»lB»JR*|q|DC-DC=iWt 

-DC3>^-^©«£E*»©«BEJttt» (a) ^- H 
a - 1 i: (c) ^-Fa-3©tttt*«oBHJt**, 

[0 0 3 5] S6*>e>0 8 t^f (a) -t-Fb 

- 1*6 (i) *-Fb-9 LfcH 

H9fc^-r*fl5ia*«vvc» ^i©*jfi©^si©^ 

JSJ&JRaiSD C - D C 3 >M-^©»E»fttKl|8t 
5. ft*S, HI9©jS^HT-{i, gTfSfcjjsbfc^E— 
^#±13©*- K#tl:M,bv *ft**UD«ff$li±ta 
©#^-Kfc»f&bfe«^«J&*if^. 3-*% (a) * 

- b* b - 1 tfc^t , m i ©*as©je»<D«a?B}R*iei 

4 2 VSfBfflf «MV 2 tf¥iffl-f >X L 

-s©m^-t.;i^— ©g$S£fr oTUS tr-So C©t 
MOSFETQ HiiKBrttJJg, MOSFETQ2(i 

tlSSSSEI Ui, :£TMOSFETQ2£$it*lTV>3o 
[00 3 6] ftiC, (b) t-h'b- 2fc*wr, MO 
SFETQ2^^->OFF-TS^> ffi-f * 
>^L*^tlS«»SI Lii> i^lfffl3>^>1tC 1 «tt 
«L, )^ffifflzi>7 ; >-y-C2^3ES-r5o ^ffltt^Ji, 

^mm-< > ? ? t> > x l tmmm=> c 1, c 2 

lt*5*T-MOSFETQ2*sONttlt$!), ffi£E 

*ira to o t o ft if r> tz m mm =1 > > v- c 2 © mats mee 

Vc2li±St5. L*L, SffiVc2li, *Sffiffl3> 
^>-9-C 2 «F«»©fc«>3SUaCtt±#Tf*r» 
M0SFETQ2(is ifJSfffl^ >x>-y-C 2©n5SSm 
Ex -fftt)*,MOS FETQ 2(Dffi1%mEEVc 2 ft" M 
U" fflttIt^->OFFJns-BDtff^-f y^>^ 
iift^o E9©^0tztt, :o-Bntff7-fyf>^ 
i:ft-5SB^-4 r ( a ) ZVSj i:LT^bT^So 
[00 3 7] MOSFETQ24^ — >OFFn^t 
fCtD, ifSffiffl^^^^ltC l©iliiiSS:EVc 1*" -t? 
D" tit-T^i:, (c) ^-Hb-3t*5V>T, MOS 
FETQ l©^^y-T3h-KQD 1 tfgi!tt£k: & U , 

y-r^-KQD l^sansiatfts* 5 , c©^y^ 

*-KQD l*«»a-r*i:*t, MOSFETQI^IHI 
^SnsmMI LliMO S F E T Q 1 *«ttlSA-5 tft 
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-it, ^£*Wtf-KQD lfciliirsc 
tn;#ffi<a»a»£©'J>&^MOSFETQ l©V-*Sffi 
^SCUf-U-f >Sg?D C 1 ©MfciiSbT 1 2 
*MffltI^iVl'set^tl< M0SFET©|S)$6 
SSA^Hm^So SE^Ts CCDMOSFETQ l©IIfl 
fflCiS, 4 2 vm*l^fflS^BV 2®«agS£E^e> 

1 2 V**paffi«**«V 1 'Nfe* 6tU 

n i (DmManma&mmmisfoi) c - d cp>;^ 

[0 0 3 8] MOSFETQ 14^ — >ONf 5 

Jg£\ ^ffl^ssmffivc it*" -en" T*fctK mgtfcaSt 

nte»SHU©*:K) I Q Hi" Hfn" T-&£©T% MOS 

FETQ l©*->ONIi, HfumffX-f 

□iix-f >yt%5„ H90«EJ^EtUi. -©-te* 

I" (b) ZVSj , r ( c ) ZCSj tUT^LT 

[0 0 3 9] MOSFETQ 1 **->OFF 

L, Jt»tt»CD (a) ^-h'b - 1 IcMSipflti: l/t, 

(d) ^-b*b-4fci5VM:, MOSFETQr 14^ 
->ONU |R|KCMOSFETQr2t?->ONt 
-So tStv &ffiflH L rOi^Sglcii, 1 

2V^*^fflm®$IBV l-©«E#W;tra;**tSc:i:fc:& 
SOT-, ^JSffl'f >y£#>*Lr£s!t*v££^m«5tI 
LHiil«9l$£±#-r£. Sfc. C©fc^s MOSF 
ETQr 1 > Qr2li, ®gS*s^tlT V>^V>«^T-^- 
>ON$n-5®t-b'Dtl7-f v?->Vtti;2>o H9© 
Stf&Elfcli* ^.©4fnm«t^^ y^V^fc&SBBtffc 

r (d) ZCSj , r ( e ) ZCSj fcLT^bTt> 
■So C©i:#, MOS FETQr 2li* — >ONL&< 
T H Q D r 2 C i b #S*8E I L r 

jgiiji&cfc »)mjEP$TA s 2££i-£©T% -n^Hie-r 

ZtzMZ, ^jgirGC'J^UMOSFETQr 2£*- 
> O N f 3 C t T- ^£ ^-f it - Y Q D r 2 * zgil $ * 3 

[0 0 4 0] :©«It-ftIffl-f>^i'?^Lr« 

2>mm.I Li < (e) t-fb-SC* 

l&£ft.SfliJ*£>MO SFETQ1 'NgtnctflRl^©®* 
jPSEftttaa. «t, (f) t-Kb-6C*V<t, M 
OSFETQ 1 ^^-^OFFtStv ^ffiffl-T 
*>*Lri:«»fli:i>7 f >-iJ-C 1> C2fc©S)S^ 
£U Lr£^ft£ftjgm»ft I L 

r©-gi5li s jjgSrfflri>-5 :? >-y-C 1 £3EftU JigSiffln 

^v-tf-c i©pj«asBEVc ni, avm^^yu-c 1 



##*4l$j£«©fc»ft*fctt±ft-C*-*\ MOSFE 
TQ Hi PoiSSEEVc 1 ifi" -tfn" ©ttSlT-^->OF 
F$tvS-lfD«E^-i' y?-y?£i£Zo i9©tJB0l: 
<i, C©-tfaSE*'f y^^fcfcSffl^* r (f) z 
VS j t LT^bTV>-5o 

[0 04 1]^tt> (g) t-Fb-7C*V»T, m 
mm^> ; r>V-C 2©j^iS*ffiVc 2#" -tfD" 
i:, MOSFETQ2©**E^'r^--KQD2ASailiiPl 

^■StMOSFETQ24^->ONnt, SF^-f 
*-KQD2t»i«iift»iS£ftt\ MOSFETQ2©V 

M* s fTtoixSo ft, ±ffi#^y-f*-KQD2*#iitt 
MOSFETQ2*^->ON?t 
&<ttS4^*-b-QD2!:J; 

f # a awMwe* >a*t©/h* omo s f e t q 2 

tSfctiH igiSB#©«£; ft ffiWT 5 £ k * S T- * 5 . 
Sfe, MOSFETQ24i'->ONtsa^ €©i3a 
JgfiffiVc2li" 4fn" T-afetK «%«>8E*i«&to«tt<z> 
Q2fc£" HfD" T-fe-SfflTv MOSFETQ2© 

#->ON(i, -t? Dis^-f y^^h-tfaatss;*^ y 
f-v^kfes, H9©jg?j^l!tli, ■r©-b?nmffi*'r y 
^>^i:^fDa^'r y^^^ii^sgp^-* r (g) z 

VSj , r (h) ZCSj LT^LTU-5. 
[0 0 4 2] Sfe, Z(Dt%, ^m^>y^f>7,h 
rttt, «^a?SI Lr$M*?t5|qllC> 4 2V& 

*wffl««4t«v 2©m£Ei: 1 2 vmmmmnmmmv 

1 ®®E©M©SBEA s fflin^nS©T% ttJSffl-f 

£©tt<trr-*ygfli'r >x l r *s£n5#t^msK 

<ati»»Sfcv (h) t-Hb-8!:^ 
T, MOSFETQ2tC (g) -t- V b - 7©fc 

rn.no, 4 2 vmwfflmas^sv 2 tm&zix&mtp' 

6MOSFETQ2 ^WttlZ ts Ir) § ffl««t A s Mtl5gto 

I Lr*s^/J>bT" -b'D" (i) « 

-Fb-9(Ct5l>T, MOSFETQr 2 4$t{C^-> 
OFFtS. €^{iMOSFETQr 2©?SF£ 

y-f*-HQDr 2?:gtnSiatZ'S:-5. 
[0 0 4 3] «iSffl-f >^^>^Lr*SJl5 

ftlgajftl LrtfM^bt" -«£□" C«5t #©£'& 
tt!»© (a) t-Kb-l^SSitMOSFETQr 
li^->OFFT5„ C©h£s MOSFETQr 1 
«i, ftfiijtrLrtf" -en" ©ttIt-^->OFF$ 

li, c©«D«»^-f y^><7i:^SSiJ^5: r (i) Z 
CSj i: LT^LTt^So 

[0 0 4 4] «c*J, MOSFETQr 1©^->0FF 
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«4, &ummmhr^te^ftm<Doi~>izftztz&.^(D 

T\ (a) t-Kb- 10Ht^->OFF 

T-tf O t«f3T*>*^-f #— K D r 2 £ <fc D 2*#|S]© 
#ffiS8£I Lr#«Eftaci:i4ft^. fel±lc:«fct>, ^1 
©*MOJB»0»S»3R*Ir1D C — D C3 W*— *©P* 

E«rtt©-ja»j©ij##5S7-ra. dc-dc^ 

W*-*©SE£Jft©SEEJtfcfc, (a) Fb — 1 h 
(c) *-1«b-3©tt»*#oe3IBJ£**s PWMC 

[0 0 4 5] mzovmamm *c bhb*#jru 
-r*»woji2<D*aio»iBCr3v^ttwr*. 010 

14, *»lfl<D*2©*lBOJEffl©ftfi^3R*lRlDC-D 
Ca>;\-— ^4^t"lHJBSEIt-feS. ilOCf^ ^2 

iluiBSS 1 ©*lfi©JBtt©MO SFETQK Q2^ * 

?J:i5 '^JS?*IWtSeUfe I GBT Q 3SVI 
G B T Q 4 , MtlIGBTQ3©nlx^^JS^i:^5f 

*«m?«ta»si?ijt»**n&»«Effly-f *-h'd 1 i: 

[0 0 4 6] n»C, WIB* 1 ©*«©JB«©M 

OSFETQr 1 hMOSFETQr 2, SVftlffl-f 
^^i/^LrfrftftaajftlilSH 1 IGBTQ 
r3, Qr4i:*[piaiiJ®ffly'r^-h'Dr Is Dr2, 
XV#iSflH * L r 1*<b ft S«ii«Jlfl]fi§H 2 £ 
^M£*VTV>3= ' fflSDUEgH 2J4, i^;*iS 
?|iJ±$:}g^Lfe2{i©I GBTQr 3, Qr4fC, * 
tt*fii»a£5U t*Iq|#Jailffly-f *— Y D r 1 , Dr2$ 
ISttU M£, ^ISffl'f >y^^>^Lr*21@©IG 
B T Q r 3 , Qr4tB5!lt»«br«lJS-r*. ft*, 
2f@©IGBTQr 3, Q r 4 14, 3 U£ * Sg? IrI±£ 

[0 0 4 7] i©4 5tC, 01 0t^t*»«©»ZO 

XloeicMismr AD c - D c 3 tt. £ 
*4 v^y**. *&tt*M&llll&©*-r yfv^jRf 
#MOSFBT4>«. IQBTfcBSttffly-f*-K©3S!3E 
?a»KCi*7'f y^>^®&C&H£ftfc;£l*T-, fill 

©gc#(4, 0 1 c^-r*«w©s i <D&m<DBm<D#m 

M*filDC-DC3>M-i'i:»!)li«<, ^©S 
*H9tt«lf^ttlB 1 ©*«M)»JiCOftli»35D&fiD C - D 

«C I GBTQ3*JBWttffi*»6*attfflC«I!)»ia 

>aLrfc©*HR*«fcJ:oT, IGBTQ3CBWHIS 
iift«flEi:»;ti«*«ti:*»jaiU IGBTQ30V7 

I GBTQ4**Wttttfr6*»tt»fc18!>tt*ai» 



*Lr i:©#$g®3£C<fc^>T, I GB TQ 4 CHHnSft 
a«EEi:»Efta«*i:*IW»U IGBTQ4£DV7h 

[0 0 4 8] ft*, ±iB©**6S3R^raDC-DC3> 
;s-*©#E, Sfctt»E»fl^*ttSfC*tiHft©«E 

j±<4, ¥mm<<yy*t>>zL<D*%i*b. pwmww 

Ct5IGBTQ3, Sfc(4IGBTQ4©ni/^^JS 
[0 0 4 9] 0®£fl§V>T, g 2©%ME©J&ffi© 

#«jb;R3& ft d c - d c 3 > / * (Dfflw^m t © 

^©«Sff5^|6]D C - D C3 wv-*©fH»^«RV 
Kjfti:, S#ftftgf!#<4gfc£>ftl>©T', 8ftf»»4HftS 
SB#©***'t>fc:*T-5. fHl©95#(4, ^l©*fiE©JBSi 
©UiMt*V>T, MOSFETQl£ IGBTQ3, S 
b' Q D 1 >• D U MOSF 

ETQ2&IGBTQ4, Sf4^ *-b - QD 2«IS 
»^-f*-HD 2 Sfc, *SJ»@Hfc*V>T 

MOSFETQr l£IGBTQr3, tF^-Y^-H 
QDr 1 *J5fafflWmy'(*-YDr 1, MOSFET 
Qr2&IGBTQr4, F QD r 2 

^IWffly-f HD r 2 kK*f fc-CKWCS 

[0 0 5 0] £f, y?->^3St^#l£3£ftTOS 
©T-, 0 1 O©ISK0£*V*-t, 01©@e80iC^bfc 
t> © £ lift 3&a5#©SE-£SBfc©Slt3£ sticjgfir 
3. *E©£8tt, JBl©*JS©JB»fcR«-C*a*»SM3 
6ft^. Sfc, *%©««*>* ¥i#flW>^*>*L 
*>#fiffi-r * ^Lr *%*1S«%£H LT«g! 

Mfr<-> IGBTQ3iSSffl^t-HD 1 fc©M?'J[Hl 
ES^S5n-5rS)^*E?j[Rli:UTabfcmatS:IQ3, 4 
2 V**P8ffl«**«V2fcflfl**il4«A»6 IGBT 

Q4 tmmmy^*— yd 2 i:©M5>jiaB'Natn«fiis 

^E^lRjhLTaufcmsSS: I Q4 

[0 0 5 1 ] ±BBT-£8Lfc£S)S#©mjEi:«3it 
©affita^V^T, Sf, Bl lA^013iC^f 

(a) ?-Hc - 1A^ (h) t-Kc-SSftOM 
ffi*^Ufc0i:, 0 1 4t^-r«JBH*fflV^T, ^2© 
*«E©»«©«lBJB«*fiD C-DC3WS-!? ©#E 
S6f^*8iW^-4. ft*, 0 1 4 ©Stfg0T-t4, ST©(3 

n©*JKtt, ±86©^- Yizttfoistzm^mmji 

To 

[0052] cc-c, %2 (DmMcDBmo&mnmJifa 

D C - D C > y ^ O^Ei&f^Offi'Jffll^JB i: l&f^ t * 
V^T, JBl©^«©?KJ80ttJEJBJR*lRlDC-DC3> 
^•-^ ©»E«tifl!©«i]»^*SV»fl! h^ft a i: C 5 
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it, (c) *-fc-3c*wc, mmmyj* 

I GBTQ4£P]B#l;:*->ONLTtK 
IGBTT-(±|B]J8g^* s T-#&^fc^9Ci:T-&3. & 
ot, ^OBaNS*^*— l*D2©S«fl5HK.fc«K ¥ 

1 2 Vft*ffiJS«*SBV l©2S£fSS£E £4 
2VS$iSffliI8iV2'Nfii^ 3S2©*ffi©Jfc 
ffl©#fi»JR*filD C - D C 3 Wt-* ©#£E1W 

[0 0 5 3] g=fc, IGBTQ4£*->OFFU « 
SttJi© (a) *-Hc-lfcRa*l»fll*»»a (d) 
^ _ p c _ 4 fcfcvvt, IGBTQr 4©^£*->0 
NU IrI^C I GBTQr 3 ^^->0Nt S-Mli'S: 
V>. fe-tffc&tt. fflKJHBSH 2 i^nasssii. IGB 
TQr4*#a**fe»^ anfMPH^'r*— KDr 
1*SMV5©*TK IGBTQr 3 4a!|ji^-a-T*)IG 
BTQr3«n5;klia<> I GBTT-WIrI^^ 
#T-£fcV^£-C-fc3o WEttf^ + fc I GBT 

Qr3W->ON, # — >0FF£ft3 

wmmV'tx—Y'Dr loiSiiAiRitwiiSur, igb 

TQ4£:*->ONbT2!|jI<*-hK ^SSSK^HfDt:* 
ofc^t I G B TQ 4 *^->0 F F LTiSSf 
£A±<0 2jfttf, »2©*tt©J&«©*»&jR#faDC- 

[0 0 5 4] *t % mi 5*?,il 7fc^-T (a) 
Kd-l*»e> (i) t-Kd-8ST©Stt«4SLfc 

it, h 1 8{Z7^Tmm^m^x. g§2©jgiE©ffcas 
<o&m.MKisnT> c - d c 3 >n-t> ommftoft&ittw 

it, ±ffi©#*-KC»Jfcbfc«-9tt«*jj*'r. 

[0055] :;t\ %2<b%m<DW&<o&wm.-ftn 

DC-DC^ ©p»£E«iff<OMW*Bli:»f^t* 

©REElMs©«»* IIW fc** 3 i: c 3 
li, *1\ (c) tiJOTs »«Effl^-f* 

Stilts IGBTQ3£|H)D$Jc*->0NLT*k 
I GBT7fl±H»!»«t4Jtf S«KV^i:t^c:i:T»«. ft 
oTs COfiStffly-ftf-FD 1 ©fi^fflt<k »K ¥ 

mm* >r*9>x nzm^^ntzm^^^—hK 
i 2 v &mmmmm.$i&v l^ex^n, i2©iio 

im<D&W&%LlSfa D C - D C 3 Wt-* ©»EESM£ i: 



«c5. 

[0 0 5 6] IGBTQ34^->0FFU S 

StttS© (a) t-N- 1 tRSViiS:^®^ (d) 
-t-Fd-4 fcfcwt, IGBTQr3©^*^->0 
NU PIHSC IGBTQr4i^->0Nt5^Ili« 
V~>o ttSfr®KH2£«ttlSSjSttt:, IGB 
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